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(57) ABSTRACT

A defect relieving method for a floating gate is disclosed,
which includes: providing a front-end structure, including an
active region, a gate oxide layer on the active region, a mask
layer on the gate oxide layer, a plurality of trenches pen-
etrating through the mask layer, the gate oxide layer, and at
least part of the active region, and a filler that is filled in the
trenches; performing a first etching process to remove a first
thickness of the mask layer between adjacent ones of the
trenches; performing a second etching process to remove a
remaining thickness of the mask layer between the adjacent
trenches, and reducing a width of a portion of the filler that
exceeds a top surface of the gate oxide layer, thereby an
opening is formed; and filling the opening with a floating
gate. The method increases the diameter of the opening, thus
avoiding occurrence of voids.

8 Claims, 3 Drawing Sheets
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DEFECT RELIEVING METHOD FOR
FLOATING GATE, AND SEMICONDUCTOR
STRUCTURE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims the priority of Chinese patent
application number 201810503726.5, filed on May 23,
2018, the entire contents of which are incorporated herein by
reference.

TECHNICAL FIELD

The present invention relates to the field of semiconduc-
tors, and in particular, to a defect relieving method for a
floating gate, and a semiconductor structure.

BACKGROUND

In recent years, flash memories rapidly develop among
storage devices using semiconductor integrated circuits.
Because of high integration, quick access, and easily eras-
able and rewriteable features, the flash memories are widely
applied in multiple fields such as microcomputers and
automation control. A typical flash memory has a polysili-
con-doped floating gate and a control gate. The floating gate
is used to store data, and the control gate is connected to
word lines and used to control the floating gate.

In the process for fabricating a floating gate, a mask layer
needs to be removed to form a gap, to realize filling with the
floating gate. In the prior art, phosphoric acid is generally
used to remove silicon nitride by one step, to form a gap
shaped like an inverted trapezoid and having a small open-
ing. A high depth-to-width ratio and a small filling opening
easily lead to occurrence of voids in the floating gate after
filling, reducing the product yield.

Therefore, it is in urgent need to provide a defect relieving
method for a floating gate, so as to avoid occurrence of voids
formed during filling with the floating gate after the mask
layer is removed in the process for fabricating the floating
gate in the prior art, thus ensuring product yield.

SUMMARY OF THE INVENTION

An objective of the present invention is to provide a defect
relieving method for a floating gate, so as to avoid occur-
rence of voids formed during filling with the floating gate
after the mask layer is removed in the floating gate forming
process in the prior art, thus ensuring product yield.

To solve the problem in the prior art, the present invention
provides a defect relieving method for a floating gate, which
includes the following steps:

providing a front-end structure, including an active
region, a gate oxide layer on the active region, a mask layer
on the gate oxide layer, a plurality of trenches penetrating
through the mask layer, the gate oxide layer, and at least part
of the active region, and a filler that is filled in the plurality
of trenches;

performing a first etching process to remove a first
thickness of the mask layer between adjacent ones of the
plurality of trenches;

performing a second etching process to remove a remain-
ing thickness of the mask layer between the adjacent ones of
the plurality of trenches, and reducing a width of a portion
of'the filler that exceeds a top surface of the gate oxide layer,
thereby an opening is formed; and

filling the opening with a floating gate.
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Alternatively, in the defect relieving method for a floating
gate, phosphoric acid is used in the first etching process and
has a concentration of 80% to 90%.

Alternatively, in the defect relieving method for a floating
gate, the first etching process is performed for 7 to 9
minutes.

Alternatively, in the defect relieving method for a floating
gate, hydrofluoric acid and phosphoric acid are used in the
second etching process, the hydrofluoric acid has a concen-
tration of 46% to 52%, the phosphoric acid has a concen-
tration of 80% to 90%.

Alternatively, in the defect relieving method for a floating
gate, duration of applying etching using the hydrofluoric
acid is 55 to 65 seconds in the second etching process, so as
to remove the portion of the filler that disposes above the top
surface of the gate oxide layer; and wherein duration of
etching using applying the phosphoric acid is not less than
53 minutes, so as to completely remove the mask layer in the
opening.

Alternatively, in the defect relieving method for a floating
gate, the opening has a uniform width from top to bottom.

Alternatively, in the defect relieving method for a floating
gate, the step of providing a front-end structure includes:

providing a substrate;

forming an active region material layer by ion implanta-
tion;

successively depositing the gate oxide layer and the mask
layer;

forming the plurality of trenches penetrating through the
mask layer, the gate oxide layer and at least part of the
substrate by photolithography and etching, wherein each of
the plurality of trenches tapers downwards and the active
region is defined by adjacent ones of the plurality of
trenches;

filling the plurality of trenches with the filler; and

performing surface planarization by polishing.

Alternatively, in the defect relieving method for a floating
gate, the etching includes dry etching.

Alternatively, in the defect relieving method for a floating
gate, the method further includes performing wet cleaning
after the step of filling the opening with a floating gate.

The present invention also provides a semiconductor
structure, which includes: an active region;

a gate oxide layer on the active region;

floating gates on the gate oxide layer; and

an isolation structure between adjacent floating gates, the
isolation structure penetrating through the gate oxide layer
and at least part of the active region, wherein a part of the
isolation structure that exceeds a top surface of the gate
oxide layer has a uniform width from top to bottom.

The defect relieving method for a floating gate provided
by the present invention includes the following steps: pro-
viding a front-end structure; performing first etching to
remove a mask layer of a first thickness between adjacent
trenches; then performing second etching to remove the
remaining mask layer between the adjacent trenches, and
reducing the width of a part, of the filler, that exceeds the top
surface of the gate oxide layer, to form an opening; and
finally, filling the opening with a floating gate. In the present
invention, phosphoric acid is applied to the mask layer, to
remove the mask layer on a shallow layer of the active
region of the floating gate, and thus a concave shallow
trench is formed, which offers space to subsequently applied
phosphoric acid and hydrofluoric acid. In this way, the place
where the hydrofluoric acid is subsequently applied can be
under control. Then, the phosphoric acid and the hydrofiu-
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oric acid are applied. The hydrofluoric acid aims to remove
the filler around the opening, so as to increase the diameter
of the opening, thus avoiding occurrence of voids caused by
a too-small opening during filling with the floating gate. The
phosphoric acid aims to completely remove the mask layer,
to form gaps to be filled with the floating gate.

The present invention completely removes the mask layer,
to form gaps to be filled with the floating gate; and further
makes the filling gaps not taper upwards, to avoid occur-
rence of voids caused by a too-small opening, such that the
floating gate has a desired shape and structure.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a flowchart of a defect relieving method for a
floating gate according to an embodiment of the present
invention;

FIG. 2 is a schematic diagram showing that an active
region of the floating gate is filled with a filler according to
the embodiment of the present invention;

FIG. 3 is a schematic structural diagram after first etching
according to the embodiment of the present invention;

FIG. 4 is a schematic structural diagram after second
etching according to the embodiment of the present inven-
tion; and

FIG. 5 is a schematic structural diagram of a polysilicon-
doped floating gate according to the embodiment of the
present invention.

In the figures: 1-Substrate, 2-Gate oxide layer, 3-Mask
layer, 4-Filler, 5-Opening, 6-Floating gate.

DETAILED DESCRIPTION OF EXEMPLARY
EMBODIMENTS

Specific embodiments of the present invention will be
described in detail below with reference to the accompany-
ing drawings. Advantages and features of the present inven-
tion will be more apparent from the description and
appended claims. It should be noted that the accompanying
drawings are in a very simplified form and all use non-
precise proportions, and are only used to conveniently and
clearly describe the embodiments of the present invention.

In the following description, it should be understood that,
when a layer (or film), region, pattern, or structure is referred
to as being “on” a substrate, layer (or film), region, and/or
pattern, it may be located directly on another layer or
substrate, and/or there may also be an intervening layer. In
addition, it should be understood that, when a layer is
referred to as being “below” another layer, it may be located
directly below another layer, and/or there may also be one or
more intervening layers. Reference to “on” and “below” in
each layer may be made based on the accompanying draw-
ings.

Referring to FIG. 1 to FIG. 5, FIG. 1 is a flowchart of a
defect relieving method for a floating gate according to an
embodiment of the present invention; FIG. 2 is a schematic
diagram showing that an active region of the floating gate is
filled with a filler according to the embodiment of the
present invention; FIG. 3 is a schematic structural diagram
after first etching according to the embodiment of the
present invention; FIG. 4 is a schematic structural diagram
after second etching according to the embodiment of the
present invention; and FIG. 5 is a schematic structural
diagram of a polysilicon-doped floating gate according to
the embodiment of the present invention.
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As shown in FIG. 1 to FIG. 5, the present invention
provides a defect relieving method for a floating gate, which
includes the following step:

providing a front-end structure, which includes an active
region, a gate oxide layer 2 on the active region, a mask layer
3 on the gate oxide layer 2, a plurality of trenches penetrat-
ing through the mask layer 3, the gate oxide layer 2 and at
least part of the active region, and a filler 4 used to fill the
trenches;

performing a first etching to remove a first thickness of the
mask layer 3 between adjacent trenches;

performing a second etching to remove the remaining
mask layer 3 between the adjacent trenches, and reducing
the width of a part, of the filler 4, that exceeds a top surface
of the gate oxide layer 2, to form an opening 5; and

filling the opening 5 with a floating gate 6.

The present invention completely removes the mask layer
3, to form gaps to be filled with the floating gate 6, and
further controls the filling gaps not to taper upwards, to
avoid occurrence of voids caused by a too-small opening,
such that the floating gate 6 has a desired shape and
structure.

Referring to FIG. 2, step S1 in FIG. 1 is performed. A
substrate 1 is provided, and ion implantation is carried out
to form an active region material layer. Generally, an active
region is a region on which an active device is fabricated on
the substrate 1.

Step S2 is performed. A gate oxide layer 2 and a mask
layer 3 are deposited, where the gate oxide layer 2 is
deposited on the active region material layer and the mask
layer 3 is deposited on the gate oxide layer 2. The gate oxide
layer 2 may be used as a buffer layer for preventing the mask
layer 3 of high rigidity from directly contacting the substrate
1 and damaging the substrate 1. The mask layer 3 may be
used as a hard mask to etch and duplicate corresponding
patterns. Preferably, the gate oxide layer 2 and the mask
layer 3 are silicon-containing compounds. For example, the
gate oxide layer 2 is silicon dioxide and the mask layer 3 is
silicon nitride.

Afterwards, step S3 is performed. Photolithography is
performed to form trenches. Specifically, in the present
invention, it is required to etch trenches for power lines in
the active region, such that the active region can normally
operate under an externally applied appropriate bias voltage.
Etching is corrosion by photolithography in narrow under-
standing. First, a photoresist is exposed to light by photoli-
thography, and then corrosion is realized in another manner
to get rid of the part that needs to be removed. In the present
invention, etching is performed on the substrate 1, the gate
oxide layer 2 and the mask layer 3 as required, to form the
trenches in the active region.

Further, each trench formed after etching tapers down-
wards, and thus the mask layer 3 is shaped like an inverted
trapezoid tapering upwards. As shown in FIG. 2, a filler 4 is
used to fill the trenches in the active region, so as to protect
the floating gate 6 from damage in a subsequent process.
Preferably, the filler 4 in the trenches is planarized by
polishing. The filler 4 may be a substance that can be easily
removed and resist addition of impurities. The filler 4 is
preferably silicon dioxide which can avoid introduction of
other impurities into the floating gate 6 during the process,
thus ensuring the product quality.

Further, after the trenches in the active region are filled
with the filler 4, the method further includes the following
step: polishing the filler 4 till the height of the remaining
filler is flush with the mask layer 3. Specifically, a polisher
is used to polish the filler 4 and receive a signal regarding a
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polished object. When reaching the mask layer 3, the pol-
isher receives a signal indicating that the mask layer 3 is
reached and determines that the polished object also
includes other substances in addition to the filler 4. Then, the
polisher is controlled to stop polishing. Therefore, the mask
layer 3 is also able to provide a signal for the polisher.

Generally, the etching process provided by the embodi-
ment of the present invention includes dry etching which is
a technique using a plasma for thin film etching.

Referring to FIG. 3, step S4 in FIG. 1 is performed. First
etching is performed to remove the mask layer 3 of a first
thickness between adjacent trenches. Specifically, phos-
phoric acid is used in the first etching, where the phosphoric
acid has a concentration of 80% to 90%, such as 83%, 85%
or 87%. The etching using phosphoric acid may be carried
out at the temperature of 155° C. to 165° C., and is carried
out preferably at 160° C. Duration of applying the phos-
phoric acid is 7 to 9 minutes, such as 7 minutes 30 seconds,
8 minutes, or 8 minutes 30 seconds. In the first etching, the
phosphoric acid is applied to the mask layer 3, to remove the
upper portion of the mask layer 3 in the active region, and
thus a concave shallow trench is formed, which offers space
to subsequently applied phosphoric acid and hydrofluoric
acid. In this way, the subsequently applied hydrofluoric acid
solution can be under control and is prevented from flowing
to other parts, to avoid removing substances that should not
be removed.

Referring to FIG. 4, step S5 in FIG. 1 is performed.
Second etching is performed to remove the lower portion of
the mask layer 3, thereby the opening 5 is formed. Specifi-
cally, hydrofluoric acid and phosphoric acid are used in the
second etching. The hydrofluoric acid has a concentration of
46% to 52%, such as 48%, 49% or 50%; and may react at
the room temperature. The phosphoric acid has a concen-
tration same as that in the first etching, which is 80% to 90%.
The phosphoric acid reacts preferably at the temperature of
155° C. to 165° C.

Further, in this step of applying the phosphoric acid and
the hydrofiuoric acid, the phosphoric acid and the hydrofiu-
oric acid may be applied to the same time or at different
times. Specifically, duration of applying the hydrofluoric
acid is 55 to 65 seconds, such as 58, 60, or 62 seconds, till
the filler 4 around the opening 5 is removed. Thus, the
diameter of the opening 5 is increased, to avoid occurrence
of voids caused by a too-small diameter of the opening 5
during filling with the floating gate 6. Further, duration of
applying the phosphoric acid is not less than 53 minutes. The
excess phosphoric acid is applied to remove the lower
portion of the mask layer 3, till the mask layer 3 is com-
pletely removed, thus forming gaps to be filled with the
floating gate 6.

Preferably, by the etching process provided by the present
invention, the opening 5 has the same width from top to
bottom. Generally, the opening 5 may have inconsistent
widths from top to bottom, provided that no void occurs
after the opening 5 is filled with the floating gate 6.

The present invention completely removes the mask layer
3, to form gaps to be filled with the floating gate 6; and
further makes the filling gaps not taper upwards, to avoid
occurrence of voids caused by a too-small opening, such that
the floating gate 6 has a desired shape and structure.

Referring to FIG. 5, step S6 in FIG. 1 is performed. The
floating gate 6 is used to fill the opening 5. Specifically, the
floating gate 6 is used to fill the opening 5 formed after the
mask layer 3 is completely removed, and no void is left
behind.
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In the defect relieving method for the floating gate 6
provided by the embodiment of the present invention, after
the opening 5 is filled with the floating gate 6, the method
further includes the following step: cleaning the floating gate
6 by means of wet cleaning. The floating gate 6 is cleaned
so as to remove the filler 4 from the trenches and other
residues from the surface of the floating gate 6.

Further, the means of cleaning the floating gate 6 includes:
hydrofiuoric acid, SC-1 and SC-2. SC-1 is a mixture of
ammonia and hydrogen peroxide, and SC-2 is a mixture of
hydrochloric acid and hydrogen peroxide. The hydrofluoric
acid is mainly used to clean the filler 4 off the trenches. A
mixture of SC-1 and SC-2, and the sulfuric acid solution are
successively used to clean other residues off the surface of
the floating gate 6.

Based on the foregoing procedure, the present invention
also provides a semiconductor structure, which includes: an
active region, a gate oxide layer 2 on the active region, a
floating gate 6 on the gate oxide layer 2, and an isolation
structure that is between adjacent floating gates 6 and
penetrates through the gate oxide layer 2 and at least part of
the active region, where a part, of the isolation structure, that
exceeds the top surface of the gate oxide layer 2 has the same
width from top to bottom.

In the semiconductor structure provided by the embodi-
ment of the present invention, the floating gate 6 is on the
gate oxide layer 2, with a standard structure and no voids
inside, thus achieving a desired shape and structure of the
floating gate 6.

To sum up, a defect relieving method for a floating gate
provided by the present invention includes the following
steps: providing a front-end structure; performing first etch-
ing to remove a mask layer of a first thickness between
adjacent trenches; then performing second etching to
remove the remaining mask layer between the adjacent
trenches, and reducing the width of a plane in which the
surface of a filler is located, to form an opening; and finally,
filling the opening with a floating gate. Phosphoric acid is
applied to the mask layer, to remove the upper portion of the
mask layer in the active region of the floating gate, and thus
a concave shallow trench is formed, which offers space to
subsequently applied phosphoric acid and hydrofluoric acid.
In this way, the place where the hydrofluoric acid is subse-
quently applied can be under control. Then, the phosphoric
acid and the hydrofluoric acid are applied. The hydrofluoric
acid aims to remove the filler around the opening, so as to
increase the diameter of the opening, thus avoiding occur-
rence of voids caused by a too-small opening during filling
with the floating gate. The phosphoric acid aims to com-
pletely remove the mask layer, to form gaps to be filled with
the floating gate.

The present invention completely removes the mask layer,
to form gaps to be filled with the floating gate; and further
makes the filling gaps not taper upwards, to avoid occur-
rence of voids caused by a too-small opening, such that the
floating gate has a desired shape and structure.

The above merely describes a preferred embodiment of
the present invention, but does not impose any limitation on
the present invention. Any equivalent changes or modifica-
tions made by persons skilled in the art to the technical
solutions and technical contents disclosed in the present
invention without departing from the technical scope of the
present invention all belong to the technical content of the
present invention and fall within the protection scope of the
present invention.
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What is claimed is:
1. A defect relieving method for a floating gate, compris-
ing:
providing a front-end structure, comprising an active
region, a gate oxide layer on the active region, a mask
layer on the gate oxide layer, a plurality of trenches
penetrating through the mask layer, the gate oxide
layer, and at least part of the active region, and a filler
that is filled in the plurality of trenches;
performing a first etching process to remove a first
thickness of the mask layer between adjacent ones of
the plurality of trenches;
performing a second etching process to remove a remain-
ing thickness of the mask layer between the adjacent
ones of the plurality of trenches, and reducing a width
of'a portion of the filler that exceeds a top surface of the
gate oxide layer, thereby an opening is formed; and
filling the opening with a floating gate;
wherein hydrofluoric acid and phosphoric acid are used in
the second etching process, the hydrofluoric acid hav-
ing a concentration of 46% to 52%, the phosphoric acid
having a concentration of 80% to 90%.
2. The method of claim 1, wherein phosphoric acid is used
in the first etching process and has a concentration of 80%
to 90%.
3. The method of claim 2, wherein the first etching
process is performed for 7 to 9 minutes.
4. The method of claim 1, wherein duration of applying
etching using the hydrofluoric acid is 55 to 65 seconds in the
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second etching process, so as to remove the portion of the
filler that disposes above the top surface of the gate oxide
layer; and wherein duration of etching using applying the
phosphoric acid is not less than 53 minutes, so as to
completely remove the mask layer in the opening.
5. The method of claim 1, wherein the opening has a
uniform width from top to bottom.
6. The method of claim 1, wherein the step of providing
a front-end structure comprises:
providing a substrate;
forming an active region material layer by ion implanta-
tion;
successively depositing the gate oxide layer and the mask
layer;
forming the plurality of trenches penetrating through the
mask layer, the gate oxide layer and at least part of the
substrate by photolithography and etching, wherein
each of the plurality of trenches tapers downwards and
the active region is defined by adjacent ones of the
plurality of trenches;
filling the plurality of trenches with the filler; and
performing surface planarization by polishing.
7. The method of claim 6, wherein the etching comprises
dry etching.
8. The method of claim 1, further comprising performing
wet cleaning after filling the opening with the floating gate.
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